THE purpose of this paper is to give a discussion of the role of genes in the physiology leading to the development of mammary It has been shown that aside from the genetic constitution, hormones and the milk agent are influential in controlling the probability that the tumour will appear. These cannot be considered as unrelated factors, but are normally interrelated in the physiology of the individual preceding the formation of the tumour.
the probability that the individual will develop a mammary tumour. Development of the inbred line-s with their characteristic tumour incidences together with hybridization studies have provided proof that genetic factors are influential in determining these incidences. Such incidences are expressions of the probabilities that females of the respective lines will have a mammary tumour. This probability may be extremely low in certain cases, such as in females of strain C57 black in which the incidence is less than I per cent, medium in other cases and extremely high in such mice as the females of strain C3H, with an incidence of approximately 95 per cent. It has been shown that aside from the genetic constitution, hormones and the milk agent are influential in controlling the probability that the tumour will appear. These cannot be considered as unrelated factors, but are normally interrelated in the physiology of the individual preceding the formation of the tumour.
In regard to the genetic influence, a mouse inh 'erits a certain complex of genes whose actions manifest through certain physiologic paths affect the probability that a tumour will appear (Heston, 1946) . One of these paths is through the physiology of hormone production, a second is through the physiology of the propagation and transmission of the milk agent, and a third possible path is through the physiology within the mammary tissue cell governing its reaction to the hormonal stimulation or the milk agent. Other paths may exist, and it is probable that these three are interwoven.
Proof of the effect of genic action in relation to the hormonal stimulation resulted from crosses between strain A in which the incidence in the virgin females is low althougb that of the breeders is high, and strain CH, in which the incidence in the virgin females as well as the breeders is high. Results of such crosses were reported by Bittner, H 'useby, Visscber, Ball and Smith (1944) , Heston and Andervont (I 944) , and Bittner and Huseby (I 946 Heston and Andervont (1945) , however, failed to show any difference in the cycles, except that in the low-tumout group of virgin strain A females the onset of oestrus was later than in the high-tubiour groups. These observations, therefore, suggested that at least a part of the genetic difference could be manifested through the physiology within the mammary gland cell.
In an attempt to determine the physiological mechanisms through which the genetic differences are manifest, Huseby and Bittner (1947) It is emphasized again that these differences are expressed as differences in the probability that the. tumour will occur. Changes in' the genetic constitution may result in a change in this probability. Variations in the hormone stimulation result in variation in this probability. We recently have been obtaining results indicating that the effects of removing the milk agen \likewise must be considered as merely lowering the probability that a tumour will arise. Our attention has been directed toward tumours that arise in females in which the agent cannot be demonstrated (Heston, Deringer and Levillain, unpublished data).
In order to obtain a line of strain CH friae of the milk agent a litter of 3 females and 3 males were removed from their C3H mother by Cesarean section and fostered upon C57 black female. These females were later mated to their male littermates, and subsequently the line has been maintained by brother x sister matings, the young being nursed upon their own mothers. In this line; designated as C3Hb, mammary tumours are arising. In 194 of the females of this line 14 months of age and older and extending through the first 5 generations to date, 47, or 24 per cent, have developed mammary tumours at an average age of 18-9 months; seventy-eight have died without mammary tumours at an average age of 16 months, and 69 are still living at an average age of 18 months.
Study of the histologic section of 37 of these tumours has not revealed mucli dissimilarity between these and the usual CH mammary tumours. Nine, however,' have show-n areas of squamous metaplasia with pearl formation similar to that described by Kirschbaum, Williams and Bittner (1946) This is not presented as absolute proof that the agent is not present. If it is, however, it is not comparable to that in C3H females, nor is there any evidence of its being built up comparable to that of C3H. If the agent is not present we have proof that the accumulation of genetic factors and of non-genetic factors other than the milk agent can cause the tumour threshold to be surpassed. In this light the milk agent would be comparable to the carcinogens in the induction of lung tumours, where the presence of the carcinogen appears to merely increase the probability that the tumour will appear and at an earlier age (Heston, 1942a,b) .
While all of these factors have been shown to alter the probability that the normal mammary tissue cell may be transformed into a malignant cell, these investigations have not answered the question as to what constitutes this change to malignancy. To a geneticist the probability aspect of the picture and the manner in which the probability can be altered at once suggests a mutation. Recent advances in genetics suggest that this may not necessarily be a gene mutation, but may be a mutation of cytoplasmic factors. Since the change is normally irreversible, it must be a change in the fundamental physiology of the cell. It is gratifying that the way has been opened for obtaining experimental evidence bearing on this point, some of which will be reported later in this symposium.
